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** 
The NASA-Ames Research Center p r o j e c t  is comprised of t h r e e  

re la ted  a c t i v i t i e s  ( f i g u r e  1 is  an  ove rv iew o f  t h i s  r e s e a r c h ) .  

T h e  f irst  is a s t u d y  of t h e  u s e  and development  o f  models  of  

o p e r a t o r s  i n  complex, automated space systems. A review of t h e  

l i t e r a t u r e  was conducted  and several  p a p e r s  a re  i n - p r o g r e s s  o r  

c o m p l e t e d  t h a t  examine t h e  u s e  and s t r u c t u r e  of such  models  t o  

d e s i g n  and  e v a l u a t e  o p e r a t o r  w o r k s t a t i o n s  and t o  a i d  o p e r a t o r  

d e c i s i o n  making [ 4 ,  5, 61. T h e  o p e r a t o r  f u n c t i o n  model ( O F M )  

methodology w a s  extended t o  represent  cogn i t ive  a s  w e l l  a s  manual 

o p e r a t o r  a c t i v i t i e s  [l]. Thus, t h e  h e t e r a r c h i c / h i e r a r c h i c  

ne twork  of f i n i t e - s t a t e  au tomata  has  i t s  l o w e s t  l eve l  and i t s  

model  o u t p u t  b o t h  p h y s i c a l  a n d  c o g n i t i v e  a c t i o n s .  T h i s  

enhancement  e x t e n d s  t h e  OFM s t r u c t u r e  t o  p r o v i d e  a t o o l  f o r  

c o g n i t i v e  t a s k  a n a l y s i s .  F igu re  2 d e p i c t s  a n  example of t h i s  

model a p p l i e d  t o  a NASA s a t e l l i t e  c o n t r o l  sys t em.  [l] is  a 

detai led explana t ion  of t h e  OFM app l i ed  t o  a NASA ground c o n t r o l  

system. - -  - -  

The second a c t i v i t y  is the  on-going development of O F M d r a w  

( f i g u r e  3 ) .  OFMdraw is a s o f t w a r e  t o o l  t h a t  f a c i l i t a t e s  t h e  

c o n s t r u c t i o n  of an  OFM. OFMdraw is  implemented  on a Mac in tosh  

P l u s  i n  E x p e r t e l l i g e n c e  and  E x p e r ' s  I n t e r f a c e  B u i l d e r .  

Current ly ,  OFMdraw can be used t o  c o n s t r u c t  a h e t e r a r c h i c  network 

** 
Note :  Some o f  t h i s  r e s e a r c h  h a s  b e e n  c o n d u c t e d  i n  

conjunct ion wi th  research  sponsored by NASA-Goddard Space F l i g h t  
Center.  



of nodes  and  arcs. T h e  nodes c a n  b e  l a b e l e d :  a b i l i t y  t o  l a b e l  

a r c s  i s  s t i l l  i n - p r o g r e s s .  O F M d r a w  h a s  some h i e r a r c h i c  

c a p a b i l i t e s ,  i.e., t h e  u s e r  can  'go down' f rom a node on t h e  

c u r r e n t  l e v e l  t o  view t h e  decompos i t ion  a t  t h e  l e v e l  below. T h e  

u s e r  can  a l s o  'go up' t o  t h e  he te rarch ic  l e v e l  above  t h e  c u r r e n t  

level ,  when one ex is t s .  The a b i l i t y  t o  l a b e l  arcs and r e p r e s e n t  

i n t e r a c t i o n s  among d i f f e r e n t  l e v e l s  i n  the  hierarchies is s t i l l  

u n d e r d e v e l o p m e n t .  T h e a b i l i t y t o p r i n t a n d  s a v e  anOFM model i s  

also in-progress. Once these  t a s k s  are completed, O F M d r a w  w i l l  

be enhanced t o  make it complement more e a s i l y  t h e  d e f i n i t i o n  and 

implementation of an OFMspert f o r  a system. 

OFMspert is t h e  t h i r d  a c t i v i t y  i n  t h i s  research and it 

received t h e  m a j o r i t y  of e f f o r t  t h i s  y e a r  ( f i g u r e  4 ) .  OFMspert 

has  t w o  purposes :  1) it is a m e t h o d o l o g i c a l  e x t e n s i o n  o f  t he  

s t r u c t u r e  (network of f i n i t e - s t a t e  automata) of t h e  o r i g i n a l  OFM 

t o  encompass e x p l i c i t l y  t h e  domain-specific in format ion  i n  o rde r  

t o  f u n c t i o n  as  a s e l f - c o n t a i n e d ,  o n - l i n e  model of  t h e  human 

o p e r a t o r  c a p a b l e  of c a r r y i n g  o u t  the c o n t r o l  t a s k s  (i.e., a 

s p e c i a l  kind of e x p e r t  system t h a t  understands and acts i n  ways 

analogous t o  t h o s e  of a human dec i s ion  maker); and 2 )  OFMspert is 

intended t o  a c t  a s  an operator 's  a s s o c i a t e ,  an e x p e r t  system t h a t  

c a n  o f f e r  advice and d y n a m i c a l l y  assume r e s p o n s i b i l i t i e s  f o r  

p o r t i o n s  o f  t h e  s u p e r v i s o r y  c o n t r o l  t a s k  i n  a u t o m a t e d  s p a c e  

systems. The p r o j e c t  proceeded a s  fo l lows  [ 2 ,  3 ,  51 . F i r s t ,  an 

OFMspert a r c h i t e c t u r e  w a s  defined. The crux of t h e  system is t h e  

use of t h e  blackboard method of Problem s o l v i n g  t o  c o n s t r u c t  and 

main ta in  an on-l ine r ep resen ta t ion  of ope ra to r  i n t e n t i o n s ,  c a l l e d  

, 



A C T I N  ( a c t i o n s  i n t e r p r e t e r ) .  A C T I N  u s e s  t h e  OFM t o  d e f i n e  

o p e r a t o r  g o a l s ,  p l a n s ,  and  t a s k s .  G i v e n  a n o r m a t i v e  

r e p r e s e n t a t i o n  o f  c u r r e n t  o p e r a t o r  s t a t e ,  A C T I N  i n t e r p r e t s  

o p e r a t o r  a c t i o n s  ( e i t h e r  s y s t e m  commands o r  i n f o r m a t i o n  

r eques t s ) .  OFMspert is cu r ren t ly  implemented i n  Smalltalk/V and 

runs  on a 1 2 M H z  PC AT. I t  runs i n  real  t i m e  connected t o  t h e  GT- 

MSOCC (Georgia  Tech M u l t i s a t e l l i t e  O p e r a t i o n s  C o n t r o l  C e n t e r )  

s i m u l a t i o n  t h a t  runs on a Vax. Pre l iminary  v a l i d a t i o n  shows t h a t  

OFMspert i n t e n t  i n fe renc ing  c a p a b i l i t i e s  are q u i t e  good. Future  

v a l i d a t i o n  is  e x p e c t e d  t o  s u g g e s t  a r e a s  t h a t  need improvement ,  

e.g., a b i l i t y  o f  OFMspert t o  ' u n d e r s t a n d '  o p e r a t o r  e r r o r s .  

F u t u r e  work w i t h  OFMspert i n c l u d e s  i m p l e m e n t a t i o n  of OFMspert 

c o n t r o l  c a p a b i l i t y ,  examination of u s e r  i n t e r a c t i o n  wi th  OFMspert 

(i.e., how t o  d e s i g n  e f f e c t i v e l y  a c o n t r o l  team c o n s i s t i n g  of  a 

human o p e r a t o r  and OFMspert), and t h e  d e f i n i t i o n  o f  d i r ec t  

manipulat ion i n t e r f a c e s  t h a t  allow ope ra to r  i n t e n t  i n fe renc ing  by 

OFMspert. 
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Appendix A 

Publications Related to the OFM Research 



Pub l i ca t ions  Related t o  t h e  OFM Research 

1. GT-MSOCC: A Resea rch  Domain f o r  Model ing Human-Computer 
I n t e r a c t i o n  and Aid ing  Decis ion  Making i n  S u p e r v i s o r y  C o n t r o l  
Sys t ems ,  --_ I E E E  __-- Trans.  Sys tems,  Man, & Cyber., Ju ly /Augus t .  1987, 
t o  appear.  

2.  W i t h  K. S. R u b i n  t P. M. J o n e s ,  OFMsper t :  An O p e r a t o r  
F u n c t i o n  Model E x p e r t  System, _---__-__ P r o c e e d i n g s  - ----- of  t h e  --- 4 t h  Mexican - -~ - -  
----- N a t i o n a l  _----__ A r t i f i c i a l  ----- I n t e l l i E n c e  -- ------- Conference  Pueb la ,  Mexico, 
March 1987. 

3 .  With K.S. Rubin t P. M. Jones ,  OFMspert: An A p p l i c a t i o n  o f  a 
Blackboard Arch i t ec tu re  t o  I n f e r  Operator I n t e n t i o n s  i n  R e a l  T i m e  
D e c i s i o n  Making, I E E E  Trans.  Sys tems,  Man, t Cyber., , s u b m i t t e d  
t o  a s p e c i a l  i s s u e ,  . 
4. W i t h  P.M. Jones,  Operator Modeling: Conceptual D i s t i n c t i o n s  
and an  Expert System Application, Proceedings of t h e  Fourth M i d -  
C e n t r a l  Ergonomics/Human F a c t o r s  Conference ,  Chanpaign, Il., 
Ju ly ,  1987, t o  appear. 

5. W i t h  P. M.  J o n e s  & K. S. R u b i n ,  U s i n g  a B l a c k b o a r d  
Arch i t ec tu re  f o r  Dynamic I n t e n t  Inferencing,  Proceedings of t h e  
I E E E  Confe rence  on Sys tems,  Man and C y b e r n e t i c s ,  Washington,  
D.C., Oc tobe r ,  1987, t o  appear .  

6 .  W i t h  P.M. J o n e s ,  O p e r a t o r  M o d e l i n g :  C o n c e p t u a l  a n d  
M e t h o d o l o g i c a l  D i s t i n c t i o n s ,  P r o c e e d i n g s  of t h e  31st Annual 
Meeting of t h e  Human Fac tors  Society,  New York, October 1987, t o  
appear.  

Note: Severa l  t e c h n i c a l  r e p o r t s  and masters theses related t o  
t h i s  work s h o u l d  a p p e a r  i n  t h e  n e x t  y e a r .  I n  a d d i t i o n ,  a 
d o c t o r a l  d i s s e r t a t i o n  examining t h e  use of direct manipulat ion 
i n t e r f a c e s  t h a t  i n t e r a c t  w i t h  an  o p e r a t o r ' s  a s s o c i a t e  f o r  
superv isory  c o n t r o l  of automated space systems is i n  t h e  proposal  
development s tage.  


